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Pamét Uvod Priklad Cache Konf

Zakladni pojmy

@ Motivace, ptiklad
o
o
o
o
°
o

P¥iklady viz http://www.fit.vutbr.cz/ peringer/UNOFFICIAL/IPS/

Pamé&t (adresa, bajt, slovo/word)

P¥istupova doba (latence), pfenosova rychlost (bandwidth)
Pamgtova hierarchie (registry, cache L1, L2, L3, RAM)
Cache L1, velikost, asociativita

Lokalita odkazi

Vliv na vykon programd

Drepper: What Every Programmer Should Know About Memory, 2007
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Pamét Uvod P¥iklad Cache Konfigurace

P¥ikladl: nasobeni matic

IPS

Skolnf algoritmus nasobeni matic v C99, slo¥itost O(N3):

void
mat_mull(int n, double ml[n] [n], double m2[n][n], double m3[n] [n])
{
int i, j, k;
memset(m3, 0, sizeof (double)*n*n) ;
for (1 = 0; 1 < n; ++i) {
for (j = 0; j < mn; ++j) {
for (k = 0; k < n; ++k) {
m3[i] [j]1 += m1[i][k] * m2[k][j];
}
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Pamgt Uvod P¥iklad Cache Konfigurace

P¥iklad1: nasobeni matic — $kolni algoritmus

ml m2 m3

Poznamka: C99 uklddd matice po ¥adcich (row-major)
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Pamgt Uvod P¥iklad Cache Konfigurace

Pt¥iklad1l: nasobeni matic — vysledky (AMD Ryzen 3 22006G)
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Pamét Uvod P¥iklad Cache Konfigurace

P¥iklad2: nasobeni matic

IPS

VylepZeny skolni algoritmus (lepsi lokalita odkazi):

void
mat_mul2(int n, double ml[n] [n], double m2[n][n], double m3[n] [n])
{
int i, j, k;
memset(m3, 0, sizeof (double)*n*n) ;
for (1 = 0; 1 < n; ++i) {
for (k = 0; k < n; ++k) { // zmé&na: prehozeni k, j
for (j =0; j <mn; ++j) { //
m3[i] [j] += m1[i] [k] * m2[k][j];
}

6/19



Pamgt Uvod P¥iklad Cache Konfigurace

P¥iklad2: nasobeni matic — vysledky
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Pamét Uvod P¥iklad Cache Konfigurace

Lokalita odkazu

@ RozloZeni odkazi do paméti v ¢ase/prostoru

@ Souvislost s architekturou pamét. podsystému

@ Vliv velikosti vyrovndvacich paméti (predevsim L1),
pojmy: cache hit/miss, hit rate

@ Problémy pro nékteré algoritmy

o nelinedrni p¥istup (C matice po sloupcich)
e ndhodny pfistup (hashing, seznamy)
o ...
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Pamét Uvod P¥iklad Cache Konfigurace

Hlavni pamét a cache

adresy
WORDI4] CACHELINET1]
WORDJ[3]
WORD|2
. CACHELINESIZE

WORDI1]

|

r 64bit =8B
WORDI0] [} CACHELINEI0]

0
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Pamét Uvod P¥iklad Cache Konfigurace

Cache L1, 4-way set associative, cache hit

[ TAG [ index [ CLoffset | adresa (napF. 64bit)
TAG CACHELINE FLAGS(valid dirty)
15
14
13
12 lata
11
10
9
8
7
6
5
4
3
2
1
0

data

IPS 10/19



Pamét Uvod P¥iklad Cache Konfigurace

MnoZinové asociativni cache

adresy

(0] [F CACHELINE[16]

7] SETS

0] [ CACHELINE[Q]
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Pamét

Uvod P¥iklad Cache Konfigurace

Konfigurace vyrovnavacich paméti (viz p¥ikaz getconf)

IPS

Ryzen3 2200G | Core i5-4690
LEVEL1_ICACHE_SIZE 65536 32768
LEVEL1_TICACHE_ASSOC 4 8
LEVEL1_ICACHE_LINESIZE 64 64
LEVEL1_DCACHE_SIZE 32768 32768
LEVEL1_DCACHE_ASSOC 8 8
LEVEL1_DCACHE_LINESIZE 64 64
LEVEL2_CACHE_SIZE 524288 262144
LEVEL2_CACHE_ASSOC 8 8
LEVEL2_CACHE_LINESIZE 64 64
LEVEL3_CACHE_SIZE 4194304 6291456
LEVEL3_CACHE_ASSQOC 16 12
LEVEL3_CACHE_LINESIZE 64 64
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Pamét

Doba pfistupu

Pro cache hit je p¥istupova doba (latence):

typ paméti typicka latence [takty CPU]
registry CPU | <1

L1 3-4

L2 10

L3 40-60

DRAM tadové stovky

Poznamky:
hit rate, prefetch, write buffer,
souvislost s VM: TLB, fyzicky TAG, virtudlni index, ...
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Experimenty Latence

Experiment: Doba pfistupu (Intel i5)

Read memory with STEP=64
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Experimenty Latence matmul

Experiment: P¥enosova rychlost (Intel i5)
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Experimenty Latence matmul

P¥iklad — nasobeni matic, riizné algoritmy

Experimentalni vysledky pro procesory:
e AMD Ryzen 3 2200G
o Intel Core i5-4690

Algoritmy:
@ Skolni
@ Skolni s lepsi lokalitou odkazii
© Skolni bez memset
© Knihovna BLAS (cblas)
© Nasobeni po blocich 64x64
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Experimenty Latence matmul

Experiment: nasobeni matic (Ryzen3)
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Experimenty Latence matmul

Experiment: nasobeni matic (i5)
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Zavér

@ Zakladni principy

@ Zasadni vliv konfigurace HW na vysledky

Lokalita odkazii a jak ji zlepsit
@ Vyhody pouZiti standardnich numerickych knihoven

@ Dopliitkovd literatura viz WWW (Drepper2007)

@ Souvislosti

@ Co jsme tmysln& vynechali (cache coherence, prefetching, ...)
°

Pokracovani: nastroje cachegrind, perf, ...
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